The shunt active power filter (APF) has proved to be a practical device to eliminate harmonic currents and to compensate reactive power for nonlinear loads. This paper evaluates three different control methods of determining the reference compensating current for a shunt active filter that is working under balanced, unbalanced and distorted source voltages. The methods compared are the instantaneous reactive power theory (p-q), the synchronous reference frame method (d-q) and the proposed method. The simulation results are obtained by with Matlab-Simulink. The shunt (APF) and its control methods have been implemented as a prototype and tested through Digital Signal processor (DSP) showing the good performance of the developed active filter. In balanced sinusoidal source voltages, the differences between the results obtained by the three methods are of minimum importance. For unbalanced and distortion source voltage conditions, the results obtained by the methods referenced are quite different. The proposed control strategy has shown the best choice for all situations studied in this paper.
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INTRODUCTION
In recent years, modern loads typically contain power electronic devices; the current drawn by these modern devices is non-sinusoidal and therefore contains harmonics. Shunt active power filters (APF) were proposed as a means of removing current harmonics. In an active filter, a controller determines the harmonics that are to be eliminated [1] . The output of this controller is the reference of a threephase current control inverter. Fig.1 illustrates the principle of a shunt active power filter. The nonlinear load is connected to the power system and is supplied by the non-sinusoidal connected in parallel to the mains, on the point of common coupling PCC, and supplies the current harmonics i c needed to maintain the source current sinusoidal. The control strategy for a shunt active power filter (Fig.2) 
Fig. 2 Basic control of three-phase Shunt active filter
A three phase voltage inverter with current regulation is then used to inject the compensating current into the power line. There are some different methods for implementing the detection of harmonic currents [3] , these methods were studied in symmetrical conditions in the literature. The aim of this paper is to qualitatively determine the differences between three of those methods under different conditions of mains voltage.
Instantaneous Reactive Power Theory (IRPT)
Instantaneous Reactive Power Theory (IRPT), also known as the p-q theory [2] , [4], [14] . Instantaneous Reactive Power Theory (IRPT) uses the Park Transform, given in Eq.(1), to generate two orthogonal rotating vectors (α and β) from the three phase vectors (a, b and c). This transform is applied to the voltage and current and so the symbol x is used to represent v or i ,when assuming balanced three phase loads the x 0 term does not use. (2)
The compensating reference currents are calculated to compensate the two terms:
1. The oscillating component of the instantaneous active power 2. The instantaneous reactive power (q) So, the instantaneous active power (p) is filtered by H.P.F to pass only the AC components as shown in Fig.3 . Then the compensating reference currents are determined by taking the inverse of Eq.(2) as given in Eq.(3).
(3)
The inverse Park transform is applied to i cα * and i cβ * and this gives the reference compensating currents in standard three-phase form, as shown in Eq.(4).
(4)
Synchronous Reference Frame
In this method [9] , [10] as shown in Fig.4 , the load currents are converted to synchronous d-q coordinates according to park transformation as given below in Eq.(5) Where is angular position of Synchronous Reference Frame, which is determined by the PLL circuit ( Fig.4 Then, the three reference compensating current of shunt APF can be obtained with an inverse transformation that given in Eq. (5).
Shunt Active Filter with Proposed Control Method
The conventional instantaneous reactive power (p-q) theory is inadequate under non-ideal mains voltage cases [6] , [7] . In case unbalanced and distortion mains voltages, the sum of components will not be constant [8] and oscillating value of instantaneous real power and instantaneous imaginary power are unwanted components of the power system. Consequently, the shunt APF does not generate compensation current equal to current harmonics, and gives to mains more than load harmonics than required. In order to eliminate this drawback and to decrease the total harmonic distortion (THD) to desired level, the new control algorithm is developed. In the proposed method, the fundamental positive sequence detector is added to modify the p-q theory for improving the compensation performance under all voltage conditions. In this new strategy, the shunt active power filter is controlled as it gives the full compensation of harmonics even the mains voltage are distorted and/or unbalanced. In this criteria, the non-ideal mains voltage are converted to ideal case by converted to ideal sinusoidal shape by using the low-pass filter in d-q coordinates. Figure 5 gives a general overview of proposed control strategy to calculate full compensation of shunt active power filter. The principal difference between this proposed control algorithm and the conventional instantaneous reactive power (p-q) theory is the addition of the positive-sequence of mains voltage detector as shown in Fig.5 .The signal p loss is used as an average real power and is obtained from the voltage regulator DC-link capacitor voltage is compared by a reference value and the error is processed in a PI controller which is employed for the voltage control loop since it acts in order to zero the steady-state error of the DC-link voltage.
HYSTERESIS BAND CURRENT CONTROLLER
The actual active power filter line currents are monitored instantaneously, and then compared to the reference currents generated by the control algorithm. In order to get precise instantaneous current control, the current control method must supply quick current controllability, thus quick response. For this reason, hysteresis band current control for active power filter line currents can be implemented to generate the switching pattern the inverter. There are various current control methods proposed for such active power filter [5] but in terms of quick current controllability and easy implementation hysteresis band current control method has the highest rate among other current control methods such as sinusoidal PWM. Hysteresis band current control is the fastest control with minimum hardware and software. But even switching frequency is its main drawback [12] . The hysteresis band current control scheme, used for the control of active power filter line current, is shown in Fig.6 ,composed of a hysteresis around the reference line current. The reference line current of the active power filter is referred to as ic* and actual line current of the active power filter is referred to as ic. The hysteresis band current controller decides the switching pattern of active power filter. The switching logic is formulated as follows: If ica < (i * ca −HB) upper switch is OFF and lower switch is ON for leg "a" (SA= 1). If ica > (i * ca +HB) upper switch is ON and lower switch is OFF for leg "a" (SA= 0). The switching functions SB and SC for phases "b" and "c" are determined similarly, using corresponding reference and measured currents and hysteresis bandwidth (HB). 
SIMULATION RESULTS
The purpose of the simulation is to show the effectiveness of the different control strategies for shunt active power filter and in reducing the harmonic pollution produced on the load side under different mains voltage cases, including ideal mains, unbalanced, and distorted voltage. The presented simulation results were obtained by using Matlab-Simulink for a 3-phase 3-wire power distribution system with a 3-leg shunt APF and three phase diode bridge rectifier is connected as a nonlinear load. The parameters of this simulated system are reported in appendix (A). Fig.7 shows the simulation results of line current and its spectrum before compensating in case (1) for ideal mains voltage. Figures 8,9 and 10 shows the simulation results with the p-q method, d-q theory and proposed method respectively for the shunt APF under this case of ideal mains voltage. The figures show source current i s after compensating with the supply voltage v s and compensating current i c composed to its reference current i c *. Also The spectrum of source current i s after compensating has been cleared. As can be seen from waveforms the source current after compensation became sinusoidal and in phase with three-phase mains voltages. The results in case of balanced main voltages condition using three methods are feasible. 
Case1: Ideal mains voltage

Case(2): Unbalanced mains voltage
In this case, the three phase voltages source are unbalanced, where the phase voltages v sa is less than the another phases (v sa = 200 r, v sb = 220 r.m.s, v sc =220 r.m.s) as shown in fig. 11 -a. Figures 11-b,c,d show the line current and its spectrum before applied the shunt APF. It can be noted that, the levels of triplens harmonic of source currents spectrum are added before compensation ( Fig.11-d) under unbalanced voltages conditions. Figures 12,13,14 show the simulation results with the p-q method, d-q theory and proposed method respectively for the shunt APF under this case of unbalanced mains voltage. where the waveforms depicts the source current i s and its spectrum after compensating, also the compensating current i c with its reference i c * and the error between them are shown in Fig.12-c The harmonic contents reparation, before and after compensation using p-q theory, d-q method and proposed method under unbalanced voltages conditions is resumed in Table ( 2) . It is shown clearly that with comparing the frequency spectra, only the proposed method cancels most of harmonics in the source current but in another methods the source current after compensating is still contain harmonics. Fig.16 is not qualified because the supply current after compensating has 17% THD level. This current after compensation has sinusoidal waveform and improved to 2.3% THD level for d-q method as shown in Fig.17 . In the proposed method (Fig.18 ), there is more reduction in harmonic distortion level, the supply current after compensating (Fig.18-c) is in phase with positive sequence component of supply voltage (v sa + ) therefore, the performance of the proposed method is better than that of the conventional p-q theory and d-q method. Table 3 present summary of simulation results for this case. 
EXPERIMENTAL TESTS
The experimental arrangement has been set up and tested in the laboratory as shown in Fig.19 Fig.20 -c. The reactive power (Q) before and after compensating is presented in Fig. 20-d where the supply current was found nearly sinusoidal and synchronous with the mains voltage after compensation. It indicates the feasibility of the implemented prototype under this condition. Through experimental results, it is revealed that the supply currents after compensating were found to be sinusoidal and in phase with the fundamental positive-sequence component of the supply voltage, which was consistent with the simulation shown above. For this test, the outcome indicates that the proposed method is useful for the active filter studies and it indicates the effectiveness of the proposed controller for shunt APF under this condition. 
CONCLUSION
A comparative analysis of three control strategies for three-phase shunt APFs has been presented. The comparison has been studied under three cases, including ideal mains voltage, unbalanced threephase mains voltage, and distorted mains voltage conditions. An experimental shunt APF has been carried out on DSP to explore the advantages and practical implementation with the proposed control strategy. The simulations and experimental results have proven good performances and verify the feasibility of the proposed algorithm, and it is most effective for all source voltages conditions. Active power filter, based on the proposed theory, gives satisfactory operation in the harmonic compensation and improving the input power factor even when the system phase voltages are unsymmetrical and distorted. 
Appendix A The parameters of the SAF
Input voltages v s = 380 volt
